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What I want to see in a Proposal

Define a customer or mission or application and demonstrate that you 
understand how your technology meets their science needs.

Propose a solution based on clear criteria and metrics

Articulate a feasible plan to:
• fully develop your technology, 
• scale it to a full size mission, and
• infuse it into a NASA program

Deliver Demonstration Hardware not just a Paper Study, including :
• documentation (material behavior, process control, optical performance)
• mounting/deploying hardware



Customer / Application
While the ASTRO2010 Decadal Report has not yet been released,

Astrophysicists want bigger and better space telescopes:
4 to 8 m class monolithic primary mirrors for UV/optical or infrared
8 to 30 m class segmented primary mirrors for UV/optical or infrared
8 to 16 m class segmented x-ray telescope mirrors
8 to 10 m UV-transparent refractive Fresnel or diffractive lens

UV/optical telescopes (such as ATLAST-9 or ATLAST-16) require:
1 to 3 meter class mirrors with < 5 nm rms surface figures
broadband (from 100 nm to 2500 nm) high-reflectivity coatings with extremely uniform amplitude 

and polarization
anti-reflection coatings on PMMA Fresnel lenses.

IR telescopes (such as SAFIR or CALISTO) require:
2 to 3 to 8 meter class mirrors with cryo-deformations < 100 nm rms.

X-ray telescopes (such as IXO or GenX) require:
1 to 2 meter long grazing incidence segments,
angular resolution < 5 arc-sec to 0.1 arc-sec,
and surface micro-roughness < 0.5 nm rms.



The Problems

Cost
Large Space Telescopes are Expensive.
And Budgets are Constrained.

Performance
Some desired capabilities do not yet exist:

Large Deployable Mirror Segments
Ultra-Stable Large-Aperture Segmented Mirrors
Optical Coatings



Heavy Lift

Currently, the President and Administrator both assert that we 
will start building a new Heavy Lift Launch Vehicle by 2015.

But, I don’t know what will be the capacities of this new vehicle

It is probably safe to assume that the fairing diameter will be 
between 5 meters (EELV class) and 10 meters (Ares V class)

There is no way to predict L2 mass capabilities.
Direct Insert versus LEO Refueling
Current LEO mass capability is approx 20,000 kg
Current L2 mass capability is approx 6,500 kg.



The Metric

For current launch vehicles, mass (areal density) is an important 
limitation, but this constraint could be significantly relieved 
via a heavy lift launch vehicle.

Therefore, areal cost (cost per square meter of collecting 
aperture) rather than areal density is the single most important 
system characteristic of future advanced optical system.

Currently, both x-ray and normal incidence space mirrors cost 
$3M to $4M per square meter of optical surface area.

This research effort seeks a cost reduction for precision optical 
components by 20X to 100X to less than $100K/m2.



The Challenge

The primary purpose of this subtopic is to develop and demonstrate 
technologies to manufacture ultra-low-cost precision optical systems 
for very large x-ray, UV/optical or infrared telescopes.  

Potential solutions include but are not limited to:
new mirror materials such as Silicon carbide or nanolaminates or carbon-fiber 

reinforced polymer; 
new methods to fabricate mirror substrates using conventional materials;
new fabrication processes such as direct precision machining, rapid optical 

fabrication, slumping or replication technologies to manufacture 1 to 2 
meter (or larger) precision quality mirror or lens segments (either normal 
incidence for UV/optical/infrared or grazing incidence for x-ray);

Additional key enabling technology for UV/optical telescopes are:
broadband (from 100 nm to 2500 nm) high-reflectivity mirror coating with 

extremely uniform amplitude and polarization properties which can be 
deposited on 1 to 3 meter class mirror;

anti-reflection coatings which can be deposited onto 2.5 meter diameter 
PMMA Fresnel lenses



Deliverables

Phase I deliverable will be:
• at least a 0.25 meter near UV, visible or x-ray precision mirror or lens 

or replicating mandrel, 
• optical performance assessment and 
• all data on the processing and properties of its substrate materials.

This effort will allow technology to advance to TRL 3-4.

Phase II deliverable will be:
• at least a 0.50 meter near UV, visible or x-ray space-qualifiable 

precision mirror or lens system with supporting documentation, 
• optical performance assessment, 
• all data on materials and processing, 
• plan for how to scale-up to 1 to 2 meter, and 
• thermal and mechanical stability analysis.  

Effort will advance technology to TRL 4-5.



S2:04 Advanced Optical Component Systems.
Future heavy lift launch systems will enable extremely large and/or extremely massive space telescopes.  Potential systems include 12 to 30 meter class 

segmented primary mirrors for UV/optical or infrared wavelengths and 8 to 16 meter class segmented x-ray telescope mirrors. 

These potential future space telescopes have very specific mirror technology needs. UV/optical telescopes (such as ATLAST-9 or ATLAST-16) require 1 to 
3 meter class mirrors with < 5 nm rms surface figures.  IR telescopes (such as SAFIR/CALISTO) require 2 to 3 to 8 meter class mirrors with cryo-
deformations < 100 nm rms.  X-ray telescopes (such as IXO and GenX) require 1 to 2 meter long grazing incidence segments with angular resolution 
< 5 arc-sec down to 0.1 arc-sec and surface micro-roughness < 0.5 nm rms.  Additionally, missions such as EUSO and OWL need 2 to 9 meter 
diameter UV-transparent refractive, double-sided Fresnel or diffractive lens. 

In view of the very large total mirror or lens collecting aperture required, affordability or areal cost (cost per square meter of collecting aperture) rather than 
areal density is probably the single most important system characteristic of an advanced optical system.  For example, both x-ray and normal incidence 
space mirrors currently cost $3 million to $4 million per square meter of optical surface area.  This research effort seeks a cost reduction for precision 
optical components by 20 to 100 times, to less than $100K/m2. 

The primary purpose of this subtopic is to develop and demonstrate technologies to manufacture ultra-low-cost precision optical systems for very large x-ray, 
UV/optical or infrared telescopes.  Potential solutions include but are not limited to new mirror materials such as Silicon carbide or nanolaminates or 
carbon-fiber reinforced polymer; or new fabrication processes such as direct precision machining, rapid optical fabrication, slumping or replication 
technologies to manufacture 1 to 2 meter (or larger) precision quality mirror or lens segments (either normal incidence for UV/optical/infrared or 
grazing incidence for x-ray). 

Another key enabling technology is optical coatings.  UV/optical telescopes require broadband (from 100 nm to 2500 nm) high-reflectivity mirror coating 
with extremely uniform amplitude and polarization properties which can be deposited on 1 to 3 meter class mirror.  EUSO requires anti-reflection 
coatings which can be deposited onto 2.5 meter diameter PMMA Fresnel lenses.  In both cases, ability to demonstrate optical performance on 2.5 
meter class optical surfaces are important.

Successful proposals will demonstrate prototype manufacturing of a precision mirror or lens system or precision replicating mandrel in the 0.25 to 0.5 meter 
class with a specific scale up roadmap to 1 to 2+ meter class space qualifiable flight optics systems.  Material behavior, process control, optical 
performance, and mounting/deploying issues should be resolved and demonstrated.  The potential for scale-up will need to be addressed from a 
processing and infrastructure point of view. 

An ideal Phase 1 deliverable would be a near UV, visible or x-ray precision mirror, lens or replicating mandrel of at least 0.25 meters.  The Phase 2 project 
would further advance the technology to produce a space-qualifiable precision mirror, lens or mandrel greater than 0.5 meters, with a TRL in the 4 to 5 
range.  Both deliverables would be accompanied by all necessary documentation, including the optical performance assessment and all data on 
processing and properties of its substrate materials.  The Phase 2 would also include a mechanical and thermal stability analysis.  

Proposals should show an understanding of one or more relevant science needs, and present a feasible plan to fully develop a technology and infuse it into a 
NASA program.



S2.04 & S2.05 Award Statistics Total

Phase 1 Phase 2
2005 21%  (8/38) 71%  (5/7)
2006 28%  (8/29) 63%  (5/8)
2007 36%  (4/11) 50%  (2/4)
2008 59%  (10/17) 50%  (4/8)
2009 40%  (8/16)

Total 34%  (38/111) 59%  (16/27)



S2.04 Award Statistics

Phase 1 Phase 2
2005 22%  (2/9) 100%  (1/1)
2006 29%  (6/21) 50%  (3/6)
2007 33%  (1/3) 100%  (1/1)
2008 75%  (3/4) 50%  (1/2)
2009 66%  (2/3)

Total 35%  (14/40) 60%  (6/10)



2008 SBIR S2.04

Phase I 4 Submitted 3 Funded

S2.04-9926 (MSFC) Low Cost Very Large Diamond Turned Metal Mirror, 
Dallas Optical Systems, Inc.

S2.04-9652 (MSFC) Silicon Carbide Lightweight Optics With Hybrid Skins 

for Large Cryo Telescopes, Optical Physics Company

S2.04-9748 (MSFC) A Low Cost Light Weight Polymer Derived Ceramic 

Telescope Mirror, United Materials and Systems

Phase II 2 Submitted 1 Funded

S2.04-9926 (MSFC)  Low Cost Very Large Diamond Turned Metal Mirror, 
Dallas Optical Systems, Inc. 

.





2009 SBIR S2.04

Phase I 3 Submitted 2 Funded

S2.04-8107 (MSFC)  Very High Load Capacity Air Bearing Spindle for Large 

Diamond Turning Machines, Dallas Optical Systems, Inc. 

S2.04-9341 (MSFC)   Minimally Machined HoneySiC Mirrors for Low Areal 

Cost and Density, Trex Enterprises Corporation 

Phase II TBD 2010







S2.05 Award Statistics

Phase 1 Phase 2
2005 21%  (6/29) 67%  (4/6)
2006 25%  (2/8) 100%  (2/2)
2007 38%  (3/8) 33%  (1/3)
2008 54%  (7/13) 50%  (3/6)
2009 46%  (6/13)

Total 34%  (24/71) 59%  (10/17)



2008 SBIR S2.05

Phase I 13 Submitted 7 Funded
S2.05-8681 (JPL)  High Reflectivity, Broad-Band Silver Coating, Surface Optics Corp
S2.05-8983 (GSFC)  Low-Stress Iridium Coatings for Thin-Shell X-Ray Telescopes, 

Reflective X-ray Optics, LLC 
S2.05-9001 (MSFC)   Application of Zeeko's Novel Random Tool Path for Improvement 

of Surface PSD, Zeeko Technologies, LLC 
S2.05-9323 (JPL)  Submicron Composite Mirror Replication, DR Technologies, Inc. 
S2.05-9500 (GSFC)  Super Polishing of 3D Aluminum 6061-T6 Mirrors, 

Microengineered Metals, Inc. 
S2.05-9876 (GSFC)  High-Speed Scanning Interferometer Using CMOS Image Sensor 

and FPGA Based on Multi-Frequency Phase-Tracking Detection, Nanowave, Inc. 
S2.05-9938 (GSFC)  RAP Figuring Slumped Mirrors to Remove Mid-Spatial Frequency 

Errors, RAPT Industries, Inc. 
Phase II 6 Submitted 3 Funded

S2.05-8681 (JPL)  High Reflectivity, Broad-Band Silver Coating, Surface Optics Corp
S2.05-8983 (GSFC)  Low-Stress Iridium Coatings for Thin-Shell X-Ray Telescopes, 

Reflective X-ray Optics, LLC 
S2.05-9938 (GSFC)  RAP Figuring Slumped Mirrors to Remove Mid-Spatial Frequency 

Errors, RAPT Industries, Inc. 









2009 SBIR

Phase 1 13 Submitted 7 Funded

S2.05-8418 (JPL)  Springback-Compensated, Submillimeter Reflectors, 

Vanguard Composites Group, Inc. 
S2.05-8547 (GSFC)  Rapid Mandrel Fabrication of X-Ray Telescope, OptiPro 

Systems LLC 
S2.05-8780 (GSFC)  Coherent Laser Radar Metrology System for Large Scale 

Optical Systems, Pyxisvision Incorporated 
S2.05-9304 (GSFC)  In Situ Metrology for the Corrective Polishing of 

Replicating Mandrels, Zeeko Technologies, LLC 
S2.05-9386 (MSFC)  Removing Mid-Spatial Frequency Errors with VIBE, 

Optimax Systems, Inc. 
S2.05-9809 (GSFC)  Advanced Lightweight Metal Matrix Composite 

Segmented Optic Manufacture, Hardric Laboratories, Inc. 

Phase II 2010







Any Questions?


